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Background: Decreased health-related quality of life (HRQoL) is a significant problem after 
an intensive care stay and is affected by several known factors such as age, sex, and previous 
health-state. The objective of this study was to assess the association between memory and self-
reported perceived HRQoL of patients discharged from the intensive care unit (ICU).
Methods: A prospective, multicenter study involving nine general ICUs in Portugal.  All adult 
patients with a length of stay >48 hours were invited to participate in a 6-month follow-up after 
ICU discharge by answering a set of structured questionnaires, including EuroQol 5-Dimen-
sions and ICU memory tool.  
Results: A total of 313 (52% of the eligible) patients agreed to enter the study. The median age 
of patients was 60 years old, 58% were males, the median Simplified Acute Physiology Score II 
(SAPS II) was 38, and the median length of stay was 8 days for ICU and 21 days for total hospital 
stay. Eighty-nine percent (n=276) of the admissions were emergencies. Seventy-eight percent 
(n=234) of the patients had memories associated with the ICU stay.  Patients with no memories 
had 2.1 higher chances (P=0.011) of being in the bottom half of the HRQoL score (<0.5 Euro-
Qol 5-Dimensions index score). Even after adjusting for pre-admission characteristics, having 
memories was associated with higher perceived HRQoL (adjusted odds ratio =2.1, P=0.022). 
Conclusion: This study suggests that most of the ICU survivors have memories of their ICU 
stay. For the ICU survivors, having memories of the ICU stay is associated with a higher per-
ceived HRQoL 6 months after ICU discharge.
Keywords: health-related quality of life, memory disturbances, critical care, outcome
Introduction
Decreased health-related quality of life (HRQoL) has been recognized as a significant 
problem occurring after a stay in an intensive care unit (ICU) when compared to the 
general population with similar age and sex distribution.1,2 During the last decade 
there has been an increasing focus on HRQoL, which together with mortality, has been 
found to be the most important outcome measure after critical care.1,3 A considerable 
number of studies have explored potential determinants of poor HRQoL after ICU stay. 
A recent systematic review identified older age, female sex, high severity of illness 
(Acute Physiology and Chronic Health Evaluation [APACHE] score), acute admission 
type, longer length of stay, or non-healthy previous state, as important factors associ-
ated with low HRQoL after ICU stay.1 
We have previously examined the role of memory disturbances on posttraumatic 
stress disorder (PTSD) and we found that a higher risk of developing PTSD was sig-
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nificantly associated with not remembering the hospital stay 
before ICU admission.4 The aim of this study is to assess the 
association between memory and self-reported perceived 
HRQoL of patients 6 months after discharge from ICU. We 
hypothesized that having memories of the ICU or hospital 
stay might be better than not having memories at all and could 
have a positive impact on the perceived HRQoL.
Methods 
This prospective multicenter study is part of a larger study 
involving 17 Portuguese ICUs5 and conducted by the JMIP 
(Jornadas de Medicina Intensiva da Primavera) Study 
Group. Nine of these 17 ICUs agreed to formally follow-
up their survivors, and collect data for the present study. 
Details of study design, definitions, data collection and 
management are provided elsewhere.4 The participating 
ICUs are listed in the Acknowledgments  section. The study 
was submitted and approved by the Instituto de Bioética, 
Universidade Católica Portuguesa ethics  committee and 
the ethics  committees from each participating hospital: 
Hospital Pedro Hispano, Matosinhos; Hospital Geral de 
Santo António, Porto; Centro Hospitalar de Vila Nova de 
Gaia, Vila Nova de Gaia; Centro Hospitalar Peso da Régua 
Vila Real, Vila Real; Hospital de S. Sebastião, Santa Maria 
da Feira, Feira; Centro Hospitalar dos Covões, Coimbra; 
Hospital do Desterro, Lisboa; Hospital de Santa Maria, 
Lisboa; and Hospital de Beja, Beja.
Patients 
All adult patients (≥18 years), who were admitted consecu-
tively to any of the nine ICUs between January 1, 2005, and 
June 30, 2005, remained in the ICU for more than 48 hours, 
and were alive 6 months after ICU discharge were eligible 
and invited to participate in the study. 
At 6 months after ICU discharge, a letter containing 
detailed information of the study, together with a set of 
structured questionnaires were sent by mail with either a 
preaddressed and prepaid return envelope or to be returned 
by hand where a follow-up consultation took place. Informed 
consent was obtained  at the time of the follow-up consul-
tation, where applicable. Thus, as consent was implicit in 
returning the questionnaire, the need for additional informed 
consent was waived. 
Collected ICU variables included, severity of disease at 
admission using Simplified Acute Physiology Score II (SAPS 
II), duration of stay at ICU and hospital, and admission diag-
nostic category (medical, scheduled surgery, non-scheduled 
surgery, and trauma). 
Questionnaires
A set of structured questionnaires, including the EuroQol 
5-Dimensions (EQ-5D), and ICU memory tool, was mailed 
to the patients 6 months after ICU discharge. Additional ques-
tions were added to these questionnaires, namely about the 
patient’s background; sex and age, employment status, level 
of education, and previous health state. Based on individual 
clinical registries and on direct questioning of patients during 
the follow-up consultation, previous health state was evalu-
ated by the patient’s physician according to three categories: 
healthy, chronic non-disabling diseases (ie, able to work or 
perform normal daily activities), and chronic disabling dis-
eases (ie, unable to work or undertake normal daily activities). 
Each participating physician  classified all patients to one of 
these three categories. For the purpose of analysis we divided 
patients into two groups: previously healthy and previously 
non-healthy (with chronic non-disabling disease or chronic 
disabling disease).
EQ-5D
HRQoL was assessed by the original EQ-5D question-
naire.6,7 This is a generic instrument, developed and applied 
by an international multidisciplinary research group. The 
instrument is well-known internationally and has been rec-
ommended as one of the two best instruments for measuring 
HRQoL in critical care,8 and has been validated in the ICU 
injured population.9,10 The EQ-5D comprises two parts. The 
first involves a health state classification scheme of five 
items (mobility, self-care, usual activities, pain/discomfort, 
and anxiety/depression), each having three alternatives 
(1= no problems, 2= moderate problems, and 3= severe 
problems). Calculating a single index score combines these 
five dimensions. The combination of answers on the five 
items represents the health state. In all, there are 243 (=35) 
possible health states. Each health state has a preference 
value attached to it. The index value of a particular health 
state thus indicates the preference for being in that health 
state in relation to death, which has been set equal to 0 and 
best possible health (eg, no problems on any of the five 
items) which has been set to 1.0. Some of the health states 
have been valued as being worse than death and therefore 
has a negative index value. For instance, the worst possible 
EQ-5D health state (eg, severe problems on all five EQ-5D 
items) has an index value of –0.59. The second part of the 
EQ-5D is a visual analog scale, ranging from 0 (worst pos-
sible health state) to 100 (best possible health state). For 
the purpose of this study, only data from the index score 
will be reported. 
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ICU memory tool
The ICU memory tool11 was developed to assess recall of 
factual and delusional memories from the hospital and ICU 
stay. It consists of eight questions about factual memories 
of events, for example suction in the endotracheal tube; 
memories of feelings, such as anxiety or pain; and delu-
sional memories, for example hallucinations or nightmares. 
Further it includes six additional questions, three to assess 
the presence of any other amnesic period, including admis-
sion to hospital and ICU, and discharge from ICU, and three 
questions to assess quality of re-experiencing ICU memories 
after ICU discharge, eg, presence of intrusive memories. 
The instrument has been used both for clinical interviews11 
and as self-completed questionnaire.4 Patients are asked for 
both recall items chosen from a checklist as well as a brief 
description relating to any ICU memories after discharge. 
For the main analysis we divided the patients in two 
groups: those with memories and those with no memories. 
In addition, for the patients with memories we considered 
three groups: patients with only factual memories, patients 
with only delusional memories, and patients with both factual 
and delusional memories. 
Statistical methods
The EQ-5D score presented an asymmetric distribution with 
strong “ceiling” and “floor” effects. Therefore, we chose to 
analyze a dichotomized version of the score by using the 
cut-off 0.5 to define higher and lower HRQoL. This cut-off 
corresponds to classify patients who reported at least one 
severe problem in one of the EQ-5D dimensions as having 
a lower HRQoL (EQ-5D score <0.5), and patients with no 
severe problems in all the dimensions as having higher 
HRQoL (there is one exception to this correspondence 
between the 0.5 cut-off and the EQ-5D states, which is the 
state with a severe problem in the “usual activities” dimen-
sion and no problems in the other dimensions, but in our 
experience this state rarely occurs in practice and it was not 
observed in our sample).  
The ICU memories were analyzed in two ways.  First, 
we considered only two categories: having ICU memories vs 
no memories.  Then we considered different types of memo-
ries grouped in four categories: no memories; only factual 
memories; both delusional and factual memories; and only 
delusional memories. 
Data are summarized as medians and interquartile range 
for continuous variables and percentages for categorical ones. 
The association of the dichotomized EQ-5D score  with ICU 
memories, baseline and clinical variables, was described 
with odds ratios (ORs) for higher HRQoL obtained through 
logistic regressions.  
Finally, we used a multivariable logistic regression to 
model the chances of higher HRQoL and compute the ORs 
for the ICU memories (separately for the version of the 
variable with two categories and four categories) adjusted 
to baseline and clinical factors. These two models were first 
initiated with the variables that presented univariate ORs with 
associated P-values <0.2. A backward stepwise-like approach 
was then used in this subset of variables, always maintain-
ing the ICU memory variable  in the model and sequentially 
removing the covariates that were not statistically significant. 
P-values < 0.05 were considered statistically significant. The 
statistical analyses were performed using SPSS version 21.0 
(IBM Corporation, Armonk, NY, USA ). 
Missing data
The calculation of the global scores for each instrument 
involves a weighted sum of the questions and thus requires all 
questions to be answered.  If one question is left unanswered, 
the score cannot be directly computed. We had 22 and three 
incomplete questionnaires, for the EQ-5D and ICU memory 
tool, respectively. If the questionnaire was not at least half 
answered, it was excluded from the analysis. However, most 
of the incomplete questionnaires had only one question 
unanswered. For those, we computed the partial score using 
the answered questions. This partial score was then rescaled 
to the original scale taking into account the weight of the 
unanswered questions. For example, if a patient had only 
⅔ of the questionnaire complete with a partial score of 30, 
the final score would be computed as 45 (if the unanswered 
questions had the same weight as the answered ones). The 
underlying assumption for this approach is that the unan-
swered question(s) follow a similar pattern to the answered 
ones. We also conducted a sensitivity analysis by using only 
complete observations.
For missing data in the demographic variables we only 
report complete cases.
Results
A total of 599 patients met the inclusion criteria, and 313 
patients (52%) answered the questionnaire at 6 months 
(Figure 1). There were no significant differences between 
the respondents (n=313) and the non-respondents (n=286) 
concerning background and ICU variables (Table S1). 
Three patients did not complete half of the EQ-5D and were 
excluded from the study, and the final study population 
comprised 310 patients.
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ICU patients: 1,174
Excluded: 239 
Eligible for inclusion: 935
Age ≤18 years: 14
ICU stay ≤48 h: 225
ICU discharge: 745
ICU mortality: 190
Ward mortality: 90
Hospital discharge: 655
6 Months mortality: 56
6 Months survivors: 599
Non-respondents: 286  
Respondents: 313
Known reasons: 62
Unknown reasons: 224
Included: 310
Incomplete data: 3
Figure 1 Patient inclusion chart.
Abbreviations: ICU, intensive care unit; h, hour(s).
The clinical and demographic characteristics of patients 
in the study are shown in Table 1. Overall, 22% (n=67) of the 
patients reported having no memories associated with their 
ICU stay, and 78% (n=234) had memories. For the patients 
with memories, 50% (n=117) reported having solely factual 
memories, 6% (n=15) reported solely delusional memories, 
and 44% (n=102) reported delusional plus factual memories 
(Table 1). Patients who reported having memories had sig-
nificantly lower SAPS, had a shorter ICU and hospital stay, 
were less healthy before ICU admission, and were less likely 
to have been admitted to ICU due to trauma (data not shown).
The overall median index score value for HRQoL was 
0.66 (interquartile range: [0.26, 0.85]). Data for comparison 
of the patients with perceived higher HRQoL (≥0.5) and the 
patients with perceived decreased level of HRQoL (<0.5) 
respectively, are shown in Table 2. 
Thirty percent of the patients who reported low HRQoL 
and 18% of the patients with perceived high HRQoL had 
no memories of the ICU (Table 2). This corresponds to a 
two-fold increase in the odds of higher levels of HRQoL for 
patients with memories when compared with patients with 
no memories (OR =2.1, P=0.011). 
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Table 1 Clinical and demographic characteristics of 310 patients enrolled in the study by ICU memories status
Memories of ICU stay
Total No (n=67, 22%) Yes (n=234, 78%) P-value*
Age (years), median (IQR) 60 (50–70) 62 (50–69) 60 (50–69) 0.935
SAPS, median (IQR) 38 (38–47) 41 (32–50) 36 (28–46) 0.012
LoS ICU, median (IQR) 8 (5–13) 10 (7–16) 7 (5–11) 0.004
LoS hospital, median (IQR) 21 (14–32) 23 (16–45) 20 (13–30) 0.017
Sex, n (%)
Female 129 (42) 25 (37) 101 (43) 0.392
Male 181 (58) 42 (63) 133 (57)
Previous health state, n (%)
Healthy 126 (43) 32 (56) 92 (40) 0.032
Non-healthy 165 (57) 25 (44) 136 (60)
Employment, n (%)
Employed 92 (31) 21 (34) 70 (31) 0.701
Retired 161 (54) 33 (54) 122 (54)
Other 44 (15) 7 (11) 35 (15)
Education, n (%)
Primary school not completed 73 (24) 20 (31) 48 (21) 0.225
Only primary school completed 105 (34) 20 (31) 84 (37)
More than primary school 124 (40) 24 (38) 97 (42)
Diagnostic category, n (%)
Medical 176 (57) 33 (49) 139 (59) 0.001
Trauma 49 (16) 20 (30) 29 (12)
Scheduled surgery 34 (11) 2 (3) 31 (13)
Non-scheduled surgery 51 (16) 12 (18) 35 (15)
Memories, n (%)
No memories 67 (22) 67 (100) -
Only factual 117 (39) - 117 (50)
Delusional and factual 102 (34) - 102 (44)
Only delusional 15 (5) - 6 (6)
Notes: *Mann–Whitney U  test was used for continuous variables and chi-square test for categorical ones. The sums do not always add up to 310 patients given there were 
some missing data.
Abbreviations: ICU, intensive care unit; SAPS, Simplified Acute Physiology Score; LoS, length of stay; IQR, interquartile range.
When comparing by the type of memories during ICU 
stay, patients with only factual or a mix of factual and 
delusional memories showed a similar increase in the odds 
of high HRQoL (OR =2.1, P-value =0.020 and OR =1.9, 
P-value=0.048).  Surprisingly, patients who only experienced 
delusional memories also presented an increase in the odds of 
higher HRQoL. However, the result is based on a very small 
group of patients and the OR is non-significant.
For the multivariable logistic model, only previous health 
state and education remained in the final model together with 
memories. Less educated patients and patients with previous 
health problems were more likely to be in the lower band of 
HRQoL. When adjusting for these two covariates, the asso-
ciation between memories and HRQoL remained similar.
A sensitivity analysis was conducted repeating the statisti-
cal analysis but using only the cases that fully completed the 
questionnaires (n=288).  The results were identical in terms of 
magnitude of the OR, but given the smaller sample sizes some 
of the estimates became non-significant (data not shown).
Discussion 
Several findings should be highlighted in the present study: 
first, most of the ICU survivors (78%) have memories of 
their ICU stay; second, having memories of the ICU is 
significantly associated with higher HRQoL. This suggests 
that, with regard to HRQoL, having memories of the ICU 
stay is better than having no memories at all. This is in line 
with our previous results containing the same database 
where we examined the role of memory disturbances on 
PTSD,4 and found that a higher risk of developing PTSD 
was significantly associated with not remembering the 
hospital stay before ICU admission. In the current study we 
cannot conclude if a patient’s HRQoL is causally affected 
by having memories from their ICU stay or if being in a 
lower state of HRQoL causes patients to want to forget 
their ICU stay. However, this was not the aim of the study. 
Importantly, our results support the conclusions from two 
systematic reviews that a diary with accurate information 
from the intensive care period will fill the gap in memory 
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Table 2 Comparisons of patients’ characteristics according to their HRQoL EQ-5D score (low <0.5 and high ≥0.5) and the odds ratio 
(n=310). 
Lower HRQoL
(n=94)
Higher HRQoL
(n=216)
Raw  
odds ratio*
P-value Adjusteda
odds ratio
95% CI P-value
Age (years), median (IQR) 63 (51–73) 59 (47–69) 0.99 0.110 
SAPS, median (IQR) 39 (32–50) 37 (29–46) 0.98 0.023
LoS ICU, median (IQR) 6 (6–13) 7 (5–12) 0.98 0.079
LoS hospital, median (IQR) 27 (17–47) 20 (13–29) 0.98 <0.001
Sex, n (%)
Female 41 (44) 88 (41) Ref
Male 53 (56) 128 (59) 1.1 0.637
Previous health state, n (%)
Healthy 27 (31) 99 (49) Ref Ref
Non-healthy 60 (69) 105 (51) 0.5 0.006 0.5 0.3–0.8 0.009
Employment, n (%)
Employed 20 (23) 72 (34) Ref
Retired 55 (63) 106 (50) 0.5 0.039
Other 12 (14) 32 (15) 0.7 0.477
Education, n (%)
Primary school not completed 35 (39) 38 (18) Ref Ref
Only primary school completed 28 (31) 77 (36) 2.5 0.004 2.2 1.1–4.4 0.019
More than primary school 27 (30) 97 (46) 3.3 <0.001 2.8 1.5–5.4 0.003
Diagnostic category, n (%)
Medical 53 (56) 123 (57) Ref
Trauma 20 (21) 29 (13) 0.6 0.159
Scheduled surgery 6 (6) 28 (13) 2.0 0.145
Non-scheduled surgery 15 (16) 36 (17) 1.0 0.923
1) Memories, n (%)
No memories 29 (32) 38 (18) Ref Ref
Memories 63 (68) 171 (82) 2.1 0.011 2.1 1.1–4.0 0.022
2) Memories, n (%)
No memories 29 (32) 38 (18) Ref Ref
Only factual 31 (34) 86 (41) 2.1 0.020 2.3 1.1–4.7 0.024
Delusional and factual 29 (32) 73 (35) 1.9 0.048 1.9 0.9–3.8 0.093
Only delusional 3 (3) 12 (6) 3.1 0.106 3.1 0.8–12.9 0.115
Notes: The sums do not always add up to 310 patients given there were some missing data. *Odds ratios are presented as the increase in the odds of higher HRQoL. aThe 
adjusted odds ratios’ values were obtained through two logistic regressions. The first used the variable memories (1) with two categories and the second used the variable 
memories (2) with four categories. The adjusted odds ratios were computed with previous health state, education, and memories in the logistic model. The adjusted odds 
ratios for previous health state and education presented in the table refer to model 1 (the odds ratios for model 2 are similar). Significant P-values are shown in bold (P<0.05).
Abbreviations: HRQol, health-related quality of life; EQ-5D, EuroQol 5-Dimensions; CI, confidence interval; Ref, reference; ICU, intensive care unit; SAPS, Simplified Acute 
Physiology Score; LoS, length of stay; IQR, interquartile range.
and act as a debriefing tool for the patient12,13 with a posi-
tive effect on HRQoL.14 To our knowledge, this is the first 
study establishing an association between memories of the 
ICU stay and HRQoL for the general ICU population alive 
at 6 months after discharge from ICU and, as such, it adds 
to our knowledge concerning determinants of HRQoL after 
ICU. Ringdal et al15 have shown, in a trauma cohort, that 
patients with delusional memories perceived a decreased 
HRQoL, measured with SF-36, compared with patients 
without memories. Their study, however, focused only on 
delusional memories in a very specific group of patients 
(trauma patients). The association between memories of 
the ICU stay and higher perceived HRQoL suggests the 
need to have a targeted sedation level and daily awakening 
periods for ICU patients .16,17 Third, perceived worst HRQoL 
is significantly associated with older age, retirement, lower 
level of education, non-healthy previous state, severity of 
illness (SAPS II) and longer duration of hospital stay. In 
our cohort as many as 24% (n=73) of the patients did not 
even complete primary school. The adjusted OR for high 
education in our study was 4.1, making it the highest OR 
for the variables included in our regression analysis. These 
results are in agreement with previous studies and confirm 
that both lower level of education and a previous unhealthy 
state are important negative determinants of HRQoL,18-20 
and suggest that the better the previous health state, and the 
better the social and economic state, the higher is the chance 
for better recovery and hence for presumably better HRQoL.
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We would like to acknowledge several limitations that 
should be pointed out: the relatively high percentage of 
patients (22%) who had no memories of their ICU stay 
compared with other studies21-23 can be explained by different 
sedation strategies which were not recorded on our database. 
Sedation could be an important confounder as those with 
prolonged deep sedation are bound to have less memories. 
In addition, those with prolonged deep sedation were prob-
ably sedated on this level because of disease severity, which 
on its own is related to HRQoL and survival. Retrospective 
assessment of HRQoL may be affected by recall bias and 
influenced by the critical illness, because premorbid HRQoL 
may be experienced as falsely high in that a present poor sta-
tus may lead to overrating preadmission HRQoL.19,24,25  Also, 
only one measure of HRQoL was made after ICU discharge, 
and it is known that HRQoL changes over time18,26,27 and 
therefore should be measured over time. Another important 
limitation is the number of non-respondents, which could 
have introduced selection bias; in any case, no differences 
were observed in the observed characteristics of the par-
ticipants and non-participants.  Finally, data were collected 
over 10 years and we do not know to what extent this might 
influence the results. 
Conclusion
In conclusion, this study suggests that most of the ICU sur-
vivors have memories of their ICU stay 6 months after ICU 
discharge. Moreover, having memories of the ICU stay is 
significantly associated with a higher perceived HRQoL, ie, 
having memories of the ICU stay may be better than having 
no memories at all. 
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Supplementary material
Table S1 Comparison of clinical and demographic characteristics of patients who returned the questionnaires (n=310) and the non-
respondents (n=289) enrolled in the study by ICU memories status
Eligible to participate in the study (n=599)
Respondents (n=310, 52%) Non-respondents (n=289, 48%) P-value*
Age (years), median (IQR) 60 (50–70) 55 (39–70) 0.205
SAPS, median (IQR) 38 (30–47) 38 (28–49) 0.861
LoS ICU, median (IQR) 8 (5–13) 7 (4–12) 0.147
LoS hospital, median (IQR) 21 (14–32) 19 (12–31) 0.098
Sex, n (%)
Female 129 (42) 114 (39) 0.589
Male 181 (58) 175 (61)
Diagnostic category, n (%)
Medical 176 (57) 183 (63) 0.849
Trauma 49 (16) 47 (16)
Scheduled surgery 34 (11) 26 (9)
Non-scheduled surgery 51 (16) 33 (11)
Note: *Mann–Whitney U  test was used for continuous variables and chi-square test for categorical ones.
Abbreviations: ICU, intensive care unit; SAPS, Simplified Acute Physiology Score; LoS, length of stay; IQR, interquartile range.
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